1. Introduction
===============

The oral and salivary status of patients undergoing chemotherapy is often affected by medications for saliva reduction and increase the risk of dental caries ([@b1-epj-07-1535], [@b2-epj-07-1535]). Chemotherapy has a direct relationship with oral cavity tissues such as teeth, salivary glands, and oral mucosa ([@b3-epj-07-1535], [@b4-epj-07-1535]). The oral cavity gets dry during chemotherapy, which causes an increase in the risk of dental caries ([@b5-epj-07-1535]). As of today, no effective protocol has been recognized to prevent damage to the oral cavity caused by chemotherapy ([@b3-epj-07-1535]). During the last 25 years, medical and dental articles have discussed the importance of oral care in the prevention of side effects from chemotherapeutic drugs, but effective features against these drugs has yet to be introduced, although it has been emphasized that any suggested substance should not be toxic, should not cause tooth decalcification, has moisturizing ability, and has an acceptable taste. Every patient with cancer should receive a complete oral examination before starting his or her chemotherapy, which can limit the side effects ([@b6-epj-07-1535]). At the beginning of chemotherapy, proper oral hygiene method should be instructed to the patients. Preventive protocols include using saline-bicarbonate, chlorhexidine, fluoride, and calcium-phosphate-containing mouthwash. Saliva stimulators such as gels, mouthwash containing peptides, mouth spray, and liquid and bio-active saliva stimulator can be useful as well ([@b3-epj-07-1535], [@b5-epj-07-1535], [@b6-epj-07-1535]). According to Recaldent Technology, Reynold presented CPP-ACP (casein phosphopeptides-amorphous calcium phosphate) in 1997. This product is known by the trade name of GC Tooth Mousse or MI paste and is formed from two parts. The protein part contains casein phosphopeptide (CPP) and the mineral part contains amorphous calcium phosphate (ACP= Ca3 (PO4)2 -- nH2O). The calcium and phosphate in this component are amorphous, sol, and surrounded by phosphorus terminals; thus, it prevents early sedimentation of calcium and phosphate crystals before reaching the tooth surfaces. When applied in the mouth, CPP-ACP binds to teeth, pellicle, plaque, and soft tissue surfaces localizing bioavailable calcium and phosphate. The incorporation of fluoride with CPP-ACP introduced GC Tooth Mousse Plus or MI Paste Plus, which contains 10% CPP-ACP and 0.2% (900 ppm) NaF \[it is called CPP-ACPF\] ([@b7-epj-07-1535]). There are several studies showing benefits of applying CPP-ACP and CPP-ACPF pastes in remineralization of tooth structure in various groups of patients ([@b8-epj-07-1535]--[@b10-epj-07-1535]). As there has been no significant study about the effects of this material on the oral and salivary status of patients undergoing chemotherapy, this study was done to assess the effect of CPP-ACPF paste on the oral and salivary status of patients undergoing chemotherapy in Shohada-e-Tajrish Hospital (Tehran, Iran) to use this product in the patients treatment protocols by oncologists to utilize its benefit.

2. Material and Methods
=======================

2.1. Trial design and participants
----------------------------------

The design of this study was a randomized parallel single-blind controlled clinical trial. After coordination with the related organizations, 20 patients being treated for cancer in Shohada-e-Tajrish Hospital were selected. The patients with the following inclusion criteria enrolled in the study after signing the informed consent form: cancer diagnosis, which required chemotherapy, older than 12 years old age, no systemic diseases, no head and neck cancer, and having at least 10 teeth. In the first stage, a data entry form was completed for each patient, and then they entered randomly in either the control group or study group.

2.2. Interventions
------------------

Patients in the control group (10 patients) received the preventive protocol of their treatment center. Patients in the study group (10 patients), in addition to the preventive protocol of their treatment center, as instructed, applied CPP-ACPF paste with their fingers (MI Paste Plus, GC, USA) twice daily for at least 5 minutes (written instructions for application was given to each patient). Every week, the patients were controlled to see if they correctly used the paste. Thereafter, the data entry form was completed for each of the patients after 21 and 42 days. In the data form of each patient, age, sex, type of cancer, prescribed medication, smoking, alcohol consumption, and wearing a denture were recorded. Then, the oral status of each patient was recorded by evaluating the mucositis (by WHO index and according to the oncologist diagnosis as Grade 0=no change; Grade 1=soreness; Grade 2=erythema \[redness\]; ulcers, can eat solids; Grade 3=ulcers, requires a liquid diet; Grade 4=severe ulcers prohibiting oral intake) Xerostomia, burning sensation in mouth, dysgeusia, complications in swallowing (by asking the patient) and infection (inspection of the oral cavity) ([@b11-epj-07-1535],[@b12-epj-07-1535]).

2.3. Outcomes
-------------

The salivary status of the participants were evaluated by saliva and pH kits (GC saliva check kit, GC plaque indicator kit, GC America, USA) as described below:

1.  For testing the resting saliva, the lower lip was extended, and labial mucosa was gently blotted with a small piece of gauze. Mucosa was observed under good light. If the droplets of saliva were observed in 30--60 seconds, the resting flow was considered as normal; if they were seen in greater than 60 seconds, it was considered low.

2.  For testing the stimulated saliva, the patient was instructed to chew a piece of wax. After 30 seconds, the patient expectorated into the spittoon for 5 minutes. If the quantity of saliva was less than 3.5 ml, it was considered very low. If it was between 3.5--5 ml, it was considered low; if it was more than 5 ml, it was considered as normal.

3.  Buffering capacity was evaluated by dropping saliva collection with a pipette on a buffer test strip and comparing it with the conversation table of the kit after 2 minutes. Buffering capacity between 0--5 was considered very low, between 6--9 was recorded as low, and between 10--12 was considered as normal.

4.  Saliva pH measurement was done by placing a pH strip in a gathered sample of resting saliva from the patient for 10 seconds. pH between 5.0 to 5.8 was considered highly acidic, pH between 6.0 to 6.6 considered moderately acidic, and pH between 6.8 and 7.8 considered healthy.

5.  If the patient were unable to brush his or her teeth because of problems like thrombocytopenia or any other blood problem during treatment, it would be recorded. Patients were examined again in the same described method in the follow-up dates of 21 and 42 days after the baseline examination.

2.4. Sampling
-------------

According to statistical analysis by the statistician and related articles, this study was conducted on 20 patients with the diagnosis of the cancer who accepted to participate in the study.

2.5. Statistical methods
------------------------

In the follow-up sessions, each patient was evaluated according to the various variables as previously mentioned. The data were analyzed by Mann-Whitney and Friedmann statistical tests with alpha set at 0.05.

2.6. Research ethics
--------------------

The ethics committee in the radiation oncology department at Shahid Beheshti University has approved this trial research. The patients signed informed consent forms before participating in the study. The study evaluator remained in contact with the patients during the study and follow-up times in case they experience problems, especially in the case group, which should have applied the CPP-ACPF paste.

3. Results
==========

3.1. Participant flow
---------------------

The results of this study, which evaluated the effect of CPP-ACPF on oral situations of patients undergoing chemotherapy, are shown in [Tables 1](#t1-epj-07-1535){ref-type="table"} to [9](#t9-epj-07-1535){ref-type="table"}. The mean age of the participants was 45.7 years. Seven participants were male and the rest were female. The most common cancers between female and male were breast and testis, respectively. None of the subjects in the CPP-ACPF or control group used preventive protocols from their treatment center to prevent chemotherapeutic medication side effects. None of them wore dentures or applied antifungal mouthwash. The evaluated oral signs and symptoms in the participants were mucositis, xerostomia, infection, difficulties in swallowing, dysgeusia, and burning sensation in the mouth, which are shown in [Tables 1](#t1-epj-07-1535){ref-type="table"} to [5](#t5-epj-07-1535){ref-type="table"}. None of these subjects showed signs of infection. Only one subject experienced Grade 3 mucositis on day 21, which was relieved on day 42.

3.2. Numbers analyzed
---------------------

The results demonstrate that twice-a-day application of CPP-ACPF cannot cause significant changes in the oral status of patients undergoing chemotherapy (p\>0.05). [Table 1](#t1-epj-07-1535){ref-type="table"} shows the xerostomia status in both groups related to the time of evaluation. Although in the CPP-ACPF paste group, the number of subjects with xerostomia was higher in the beginning of treatment and reduced by passing time; in the control group on day 21, more than half the patients suffered from xerostomia; however, the difference between the two groups was not statistically significant (p\>0.05).

3.3. Outcomes and estimation
----------------------------

[Table 2](#t2-epj-07-1535){ref-type="table"} shows that subjects experiencing dysgeusia were reduced in the control group, and only one patient experienced dysgeusia on day 21 in the CPP-ACPF group. However, the difference between two groups was not significant (p\>0.05). [Table 3](#t3-epj-07-1535){ref-type="table"} shows that, the burning sensation occurred in the control group from day 1 to day 42, but it decreased in the CPP-ACPF group during the study; this difference was not significant between the two study groups (p\>0.05). [Table 4](#t4-epj-07-1535){ref-type="table"} shows that none of the subjects in the CPP-ACPF group had difficulties in swallowing foods, but the control group had problems in every three follow-up sessions, even though the difference was not statistically significant (p\>0.05). The evaluated salivary conditions including rate of resting and stimulated saliva, buffering capacity, saliva pH, and dental pH plaque, are shown in [Tables 5](#t5-epj-07-1535){ref-type="table"} to [9](#t9-epj-07-1535){ref-type="table"}. The results demonstrate no difference in plaque pH of the two groups (p\>0.05) ([Table 5](#t5-epj-07-1535){ref-type="table"}, [6](#t6-epj-07-1535){ref-type="table"}), but buffering capacity, resting, and stimulated saliva significantly improved in the CPP-ACPF group compared with that of the control group (p\<0.05). As shown in [Tables 7](#t7-epj-07-1535){ref-type="table"} to [9](#t9-epj-07-1535){ref-type="table"} at days 21 and 42, patients exhibited a normal condition.

3.4. Harms
----------

The CPP-ACPF paste has no active ingredients that result in sensitivity or toxicity. However, there might be the possibility of sensitivity to the casein that exists in CPP-ACPF paste, which might result in sensitivity for patients who are unable to endure dairy products due to the casein. In this regard, the examiner simply asked patients if they had sensitivity to dairy products containing casein and also applied a small amount of the paste on oral mucosa and evaluated the reaction at the baseline. In this study, none of the patients exhibited sensitivity to the paste.

4. Discussion
=============

The result of this study, which was conducted to evaluate the effect of CPP-ACPF paste on the oral and salivary status of patients undergoing chemotherapy, showed that twice daily application of CPP-ACPF paste can improve resting and stimulated salivary rate and buffering capacity in patients in comparison with those of the control group. There was no significant difference in plaque pH and saliva pH in both groups. Although oral conditions showed improvement in the CPP-ACPF group, the difference between two groups was not significant. This study may be the first in evaluation of the oral and salivary signs and symptoms of patients undergoing chemotherapy with application of a preventive dental material. In this study, various variables have been evaluated. In fact, it could be considered as a pilot study in which other studies could be established according to the results presented here. It is reasonable to benefit from the results of the study until additional studies are completed. Chemotherapy is used as a basic treatment for cancers such as leukemia; surgery and/or radiotherapy are treatments typically used in breast cancer or brain tumors. By using cytotoxic medications in chemotherapy, which are inevitable, the normal cells that reproduce rapidly such as bone marrow, hair, digestive mucosa, and oral cavity tissues will be affected ([@b12-epj-07-1535]), and the oral cavity could experience some tissue changes ([@b13-epj-07-1535], [@b14-epj-07-1535]). The side effects of chemotherapy medications usually appear one to two weeks after starting treatment. The destructive effects of these medications are due to their direct cytotoxic effects on the oral cavity's epithelium due to damage to oral cavity mucosa and salivary glands or indirect effects on bone marrow and blood cells, which can cause a compromised immune system, anemia, thrombocytopenia, and increase the risk of infection ([@b15-epj-07-1535]). Oral complications have been seen in 89% of adults being treated for leukemia ([@b11-epj-07-1535]). Xerostomia is one the most common complications caused by these medications due to deficient function of salivary glands. Patients with insufficient saliva may also suffer from increased risk of oral infections, a higher rate of caries, increased dental expenses, and decreased quality of life; therefore, dental treatments and examinations should be done before, during, and after chemotherapy ([@b13-epj-07-1535]).

Results of this study demonstrate that twice-a-day application of CPP-ACPF paste can improve the resting and stimulated salivary rate and buffering capacity in chemotherapy patients. It has been shown that CPP-ACPF paste can increase the buffering capacity of saliva, decrease the demineralization process, and improve re-mineralization up to 63.9% by localizing amorphous calcium phosphate in dental plaque. In addition, the xylitol in this paste and its good taste can stimulate saliva secretion ([@b16-epj-07-1535]). A study conducted at Melbourne University demonstrated that the CPP-ACPF particles are smaller than 2 nm; thus, they can penetrate into the dental biofilm and increase the CPP concentration in the plaque. It is also bonded to the fluoride and then transports it to the dental plaque. These two agents together increase re-mineralization of the tooth structure and elevate plaque pH. CPP also can degenerate the bacteria and increase saliva pH by producing the ammoniac ([@b17-epj-07-1535]).

In the present study, the positive effects of CPP-ACPF paste have been clearly demonstrated. Knowing the positive and beneficial effects of this component could be useful for patients undergoing chemotherapy to assist them in experiencing less oral complications. In this study, none of the subjects experienced mucositis or infection, so it was not possible to evaluate the effect of the paste on these complications. Many studies have shown that mucositis occurs in patients receiving chemotherapy (13, 14, and 18). The type of the medication may affect this fact. It seems that the prescribed medications in the current study prevented mucositis occurrence, but it is obvious that more studies are necessary to evaluate the effects of chemotherapy agents in oral complications. Unfortunately, no article that assesses the effect of CPP-ACPF components on oral or salivary signs of patients undergoing chemotherapy has been found, and most of the studies focused on the re-mineralization capacity of the paste ([@b8-epj-07-1535]--[@b10-epj-07-1535]). A study by Singh (2009) assessed the effect of calcium-phosphate containing mouthwash in high-risk subjects suffering from xerostomia. In that study, patients who applied this product with fluoride showed less dental caries ([@b19-epj-07-1535]). It seems that fluoride, calcium, and phosphate can decrease the dental caries rate in high caries risk people, but no exact opinion can be given on its effect on oral or salivary status. In our study, the CPP-ACPF group showed better oral conditions in comparison with the control group, but the differences were not statistically significant. More precise evaluation with an increased number of subjects and longer follow-up is needed to show more significant results.

A limitation of this study is that some subjects did not receive their therapy on the follow-up dates, so they were excluded from the study. It was also difficult to persuade patients to cooperate in the study because they had many different types of problems and complications. It is suggested that a similar study on an increased number of subjects and less intervention criteria be conducted.

5. Conclusions
==============

According to the limitations and conditions of the current study, twice-a-day application of CPP-ACPF paste can improve the resting and stimulated salivary rate and buffering capacity of the saliva in patients applying this paste in comparison with those of the control group. Although oral conditions such as burning sensation were improved in the CPP-ACPF group, the difference between the two groups proved insignificant. Also, there was no significant difference in plaque pH and saliva pH in both groups. Findings of this clinical trial proposed that CPP-ACPF paste could result in positive effects on salivary conditions of chemotherapy patients; however, future studies with a higher sample size are suggested.
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###### 

Frequency of Xerostomia Status in Control and CPP-ACPF Group in Various Time Periods

  Groups     Baseline Xerostomia   Xerostomia After 21 Days   Xerostomia After 42 Days   p-value
  ---------- --------------------- -------------------------- -------------------------- ---------
  Control    50.0%                 70.0%                      30.0%                      0.51
  CPP-ACPF   70.0%                 30.0%                      20.0%                      0.86
  p-value    0.480                 0.1                        0.73                       

###### 

Frequency of Dysgeusia Status in Studies Groups in Various Time Periods (%)

  Groups     Baseline Dysgeusia   Dysgeusia After 21 Days   Dysgeusia After 42 Days   p-value
  ---------- -------------------- ------------------------- ------------------------- ---------
  Control    40.0%                30.0%                     20.0%                     0.47
  CPP-ACPF   0%                   10.0%                     .0%                       0.36
  p-value    0.14                 0.48                      0.48                      

###### 

Frequency of Burning Sensation Status in Studies Groups in Various Time Periods (%)

  Groups     Burning Sensation in Baseline   Burning Sensation After 21 Days   Burning Sensation After 42 Days   p-value
  ---------- ------------------------------- --------------------------------- --------------------------------- ---------
  Control    0%                              10.0%                             20.0%                             0.36
  CPP-ACPF   20.0%                           10.0%                             0%                                0.36
  p-value    0.48                            1.00                              0.48                              

###### 

Frequency of Difficulties in Swallowing Status in Studies Groups in Various Time Periods (%)

  Groups     Difficulties in Swallowing in Baseline   Difficulties in Swallowing After 21 days   Difficulties in Swallowing After 42 Days   p-value
  ---------- ---------------------------------------- ------------------------------------------ ------------------------------------------ ---------
  Control    30.0%                                    30.0%                                      30.0%                                      0.36
  CPP-ACPF   0%                                       0.0%                                       0.0%                                       0.36
  p-value    0.27                                     0.27                                       0.27                                       

###### 

Frequency of Plaque pH in Studied Groups in Various Time Periods

  Groups     Baseline pH   pH After Day 21   pH After 42 Days   p-value                                           
  ---------- ------------- ----------------- ------------------ --------- ------- ------- ------- ------- ------- ------
  Control    0%            60.0%             40.0%              0%        70.0%   30.0%   0%      80.0%   20.0%   0.77
  CPP-ACPF   30.0%         40.0%             30.0%              50.0%     20.0%   30.0%   30.0%   40.0%   30.0%   0.96
  p-value    0.31          0.19              0.52                                                                 

###### 

Frequency of Saliva pH in Studied Groups in Various Time Periods

  Groups     Baseline pH   pH After Day 21   pH After 42 Days   p-value                                          
  ---------- ------------- ----------------- ------------------ --------- ------- -------- ---- ------- -------- ------
  Control    0%            20.0%             80.0%              0%        20.0%   80.0%    0%   20.0%   80.0%    0.66
  CPP-ACPF   0%            10.0%             90.0%              0%        0%      100.0%   0%   0%      100.0%   0.13
  p-value    0.73          0.43              0.43                                                                

###### 

Frequency of Buffering Capacity in Studied Groups in Various Time Periods

  Groups     Baseline Buffering Capacity   Buffering Capacity After Day 21   Buffering Capacity After 42 Days   p-value                                           
  ---------- ----------------------------- --------------------------------- ---------------------------------- --------- ------- ------- ------- ------- ------- ------
  Control    30.0%                         50.0%                             20.0%                              30.0%     60.0%   30.0%   30.0%   50.0%   20.0%   0.56
  CPP-ACPF   80.0%                         10.0%                             90.0%                              80.0%     20.0%   80.0%   80.0%   10.0%   90.0%   0.50
  p-value    0.00                          0.00                              0.00                                                                                 

###### 

Frequency of Resting Saliva Status in Studied Groups in Various Time Periods

  Groups     Baseline Resting Saliva Status   Resting Saliva Status After Day 21   Resting Saliva Status After 42 Days   p-value                                            
  ---------- -------------------------------- ------------------------------------ ------------------------------------- --------- ------- ------- ------- ------- -------- ------
  Control    10.0%                            60.0%                                30.0%                                 10.0%     60.0%   30.0%   10.0%   50.0%   40.0%    0.81
  CPP-ACPF   10.0%                            40.0%                                50.0%                                 10.0%     0.0%    90.0%   0.0%    0.0%    100.0%   0.01
  p-value    0.53                             0.02                                 0.00                                                                                     

###### 

Frequency of Stimulated Saliva Status in Studied Groups in Various Time Periods

  Groups     Baseline Stimulated Saliva Status   Stimulated Saliva Status After Day 21   Stimulated Saliva Status After 42 Days   p-value                                           
  ---------- ----------------------------------- --------------------------------------- ---------------------------------------- --------- ------- ------- ------- ------- ------- ------
  Control    30.0%                               50.0%                                   20.0%                                    30.0%     60.0%   10.0%   30.0%   50.0%   20.0%   0.81
  CPP-ACPF   0.0%                                10.0%                                   90.0%                                    0.0%      20.0%   80.0%   0.0%    10.0%   90.0%   0.77
  p-value    0.004                               0.003                                                                                                                              
